Monospecific antibodies directed against the chicken progesterone receptor (PR) form B were used to screen a randomly primed phage Xgtll cDNA expression library prepared from size-fractionated chicken oviduct mRNA. Two independent immunoreactive clones, AcPR1 and AcPR2, were isolated. Antibodies selected from anti-PR form B antiserum on matrices of AcPR1 and AcPR2 fusion proteins detected two proteins on electrophoretic immunoblots of crude and purified PR preparations. These proteins had the same apparent molecular weights as did PR forms A and B crosslinked with the tritiated progestin R 5020. Thus, XcPR1 and XcPR2 fusion proteins contain epitopes present in both PR forms A and B. A cDNA done, AcPR3, containing the inserts of both AcPRl and XcPR2, was isolated from a randomly primed XgtlO oviduct cDNA library, indicating that both cDNA inserts were derived from the same oviduct mRNA. Additional evidence that these cDNAs correspond to PR mRNA was provided by sequencing the XcPR3 cDNA insert, since it was found to encode the sequence of three tryptic peptides prepared from purified PR form B. A fourth and a fifth cDNA clone, XcPR4 and XcPR5, were sequentially isolated from the same XgtlO cDNA library beginning with a probe derived from the 3' end of the XcPR3 insert. Partial DNA sequencing of XcPR4 and XcPR5 revealed the presence of a sequence coding for a cysteine-rich domain that is strikingly homologous to the amino acid sequences present in the putative DNA-binding domain of the human and chicken estrogen receptors, human glucocorticoid receptor, and v-erbA gene product of the avian erythroblastosis virus.
XcPR2, was isolated from a randomly primed XgtlO oviduct cDNA library, indicating that both cDNA inserts were derived from the same oviduct mRNA. Additional evidence that these cDNAs correspond to PR mRNA was provided by sequencing the XcPR3 cDNA insert, since it was found to encode the sequence of three tryptic peptides prepared from purified PR form B. A fourth and a fifth cDNA clone, XcPR4 and XcPR5, were sequentially isolated from the same XgtlO cDNA library beginning with a probe derived from the 3' end of the XcPR3 insert. Partial DNA sequencing of XcPR4 and XcPR5 revealed the presence of a sequence coding for a cysteine-rich domain that is strikingly homologous to the amino acid sequences present in the putative DNA-binding domain of the human and chicken estrogen receptors, human glucocorticoid receptor, and v-erbA gene product of the avian erythroblastosis virus.
Steroid hormone receptors are target cell-specific mediators of the control of transcription by their respective hormones during development. It is assumed that the binding of the steroid to the receptor induces an allosteric transition of the structure of the receptor so that it becomes capable of controlling initiation of transcription of specific genes. It is also believed that hormone-receptor complexes act as transcription factors by directly binding to promoter elements of hormone-responsive genes (ref. 1 and references therein). Thus, a detailed knowledge of the structure-function relationship of steroid hormone receptor domains is a prerequisite to understanding hormone action at the molecular level. cDNAs corresponding to chicken (2) and human (3) estrogen and to rat (4) and human (5, 6) glucocorticoid receptors have been cloned recently. A comparison of the cDNA-deduced amino acid sequences of chicken (2) and human (7) estrogen and human glucocorticoid (8) receptors has revealed a high degree of conservation in the putative DNA-binding and hormone-binding domains (2) . Moreover, sequences homologous to these two domains are present in the product of the v-erbA gene of the avian erythroblastosis virus (2, 7, 9) .
The chicken (ref. 10 and references therein) and the human (ref. 11 and references therein) progesterone receptors (PR) exist in two forms, A and B, both of which bind progestins and DNA. In addition, a chicken PR form B antigen that does not bind the hormone has been described (12) , and its cDNA has been partially cloned (13) . Since there are contradictory reports concerning the relationship between these multiple forms ofthe PR (refs. 10 and 11 and references therein), there is an obvious need to determine the primary structure of each of them and, therefore, to clone the cDNAs of the hormonebinding forms A and B.
With the help of affinity-labeling techniques, we have isolated (14) the two hormone binding forms A and B of the chicken oviduct PR to apparent homogeneity and have raised antibodies against both of them. Using a chicken oviduct Xgtll cDNA expression library and anti-PR form B antibodies, we now have isolated cDNA clones that contain sequences encoding several peptides that were isolated after tryptic digestion of homogenous PR form B. Moreover, they also encode the putative DNA-binding domain that is highly conserved in the other steroid hormone receptors and in the product of v-erbA. However, we did not find any significant homology between amino acid sequences deduced from the present cDNA clones and those deduced from the cDNA corresponding to the nonhormone-binding receptor antigen. The present study paves the way toward the elucidation of the relationship between the different PR forms and structure-function studies of their various domains. In addition, the present clones may be useful for cloning PR genes from various species, including the human species where it is of obvious medical interest (15, 16) .
MATERIALS AND METHODS
The purification of chicken oviduct PR forms A and B, their photoaffinity labeling with tritiated R 5020, and the generation of polyclonal anti-PR antibodies have been described (14) . Tryptic digests from apparently homogenous PR form B were separated by using HPLC techniques, and peptides were sequenced at the sub-40-pmol level by using a gas-phase sequenator as will be described in detail elsewhere. Randomly primed phage XgtlO and Xgtll cDNA libraries were prepared from size-fractionated (above 4 kilobases) layinghen oviduct poly(A)+ mRNA as described (2, 3) . Monospecific anti-PR form B antibodies were isolated by affinity chromatography of the crude anti-PR form B antiserum on matrices containing covalently bound homogenous PR form B as described for the glucocorticoid receptor (6 clones XcPR1 to XcPRS. P1, P2, and P3, location of the sequences encoding peptides A, B, and C (see Fig. 3 ), respectively. X, cDNA region encoding the amino acid sequence highly homologous to the putative DNA-binding domain of the estrogen and glucocorticoid receptors and the v-erbA gene product. Fig. 1C demonstrates, in agreement with our previous report (14) , the crossreactivity of anti-PR form B antiserum with PR form A. A crude preparation of a mixture of PR forms A and B (Fig. 2C, lane 1) , a partially purified PR form A (lane 2), and a partially purified mixture of PR forms A and B (lane 3) were separated on 7.5% NaDodSO4/polyacrylamide gels and analyzed by immunoblotting. The major bands that were visualized with a crude anti-PR form B antiserum have clearly the same apparent molecular masses as those revealed by fluorography in Fig.  2B . The same preparations of crude and partially purified mixtures of PR forms A and B as those use4 in Fig. 2C were then analyzed with the two populations of fusion proteinselected antibodies. Fig. 2 D and E corresponds to immunoblots with XcPR2 and XcPR1 fusion protein-selected antibodies, respectively. Again, two bands were revealed with the same apparent molecular masses as the PR forms A and B visualized in Fig. 2B of XcPR1 and XcPR2, was isolated (Fig. 1) . Sequencing of the XcPR3 cDNA between the Nae I and Pvu II sites revealed that three deduced amino acid sequences encoded by the cDNA segments P1, P2, and P3 (Fig. 3) Comparison of the sequence of the human and chicken estrogen receptors and of the human glucocorticoid receptor has revealed the presence of a highly conserved cysteine-rich region that is also present in the product of the avian erythroblastosis virus v-erbA gene (see Fig. 4 and refs. 2, 7, and 9). Studies from this laboratory have shown that this region of homology is required for tight nuclear binding of the estrogen receptor and, therefore, may correspond to the DNA binding domain of steroid hormone receptors (V. Kumar, S. Green, and P.C., unpublished results).
Using the XcPR3 cDNA insert as a probe, we isolated XcPR4, which was then used to isolate XcPR5 from the same chicken oviduct XgtlO library as above (see Fig. 1 ). Interestingly, sequencing the 3' end of XcPR4 cDNA and the 5' end of XcPR5 cDNA revealed the presence of a cysteine-rich region "X" (Figs. 1 and 3 ), which is highly homologous to the putative DNA-binding domain of estrogen and glucocorticoid receptors (Fig. 4) (13) , whose cDNA-deduced amino acid sequence is itself closely related to that of a yeast heat shock protein previously described (22) (J.M.J., F.J., and P.C., unpublished results).
The finding that the PR cDNA clones XcPR4 and XcPR5 encode an amino acid sequence that is highly homologous to the putative DNA-binding domain found in both the estrogen and glucocorticoid receptors and in the product of the avian erythroblastosis virus v-erbA gene (Fig. 4) (19, 24) , the protein products of the Drosophila developmental genes Krfippel (25) Serendipity (26) , and the yeast regulatory protein ADR1 has already been stressed (refs. 2, 9, 20 and 27; see Fig. 4 ). It has been proposed (19) that the repeating unit of TFIIIA folds into DNA-binding loops (fingers), each centered on invariant pairs of cysteine and histidine residues (boxed in Fig. 4 ) bound to Zn21 in a tetrahedral arrangement. Although the pairs of histidine residues are not present in the putative DNA binding domains of steroid hormone receptors and v-erbA gene product, it is striking that the N-terminal half of these domains contains two pairs of cysteine residues spaced by 13 amino acids, similar to the TFIIIA and ADRi arrangements (Fig. 4) . Thus, it is possible that a finger of similar size could be formed with four cysteine residues binding a Zn2+ instead of two cysteine and histidine pairs, as it was proposed recently (20) for two yeast regulatory proteins GAL4 (28) and PPR1 (29, 30) , which contain such cysteine pairs in their presumptive DNA-binding domains (see Fig. 4 ). Although the fingers that can be formed will have different lengths, similar loop structures involving cysteine and histidine residues also may be formed in the C-terminal half of the putative DNA-binding domain of steroid hormone receptors (Fig. 4) . Thus, it is possible that all of these cysteine-and histidine-rich domains have evolved by duplication of a primordial unit that was present in primitive eukaryotic cells. However, the structure of the receptor cysteine-rich domain clearly does not represent a repeating unit, which suggests that its two halves may have diverged very early in evolution. In this respect, it is worth mentioning that, in fact, they are encoded in the chicken PR by two neighbor exons separated by an intron (unpublished results), which is reminiscent ofthe organization of the TFIIIA gene, where most of the exonic sequences coding for the fingers are separated by introns (31) . Further studies on steroid hormone receptors and related genes will show whether this organization is common to all of them. 
